The milestones for today's surgical methods are the works of von Langenbeck (1861) [7] and of Veau (1931) [8] whose surgical techniques are used, with some modifications, to this day.
The occurrence of cleft results from the effects of multiple genes and from environmental factors. Its occurrence is highly dependent on individual characteristics; however, in patients with isolated cleft palate and those with cleft lip and palate, the most constant and specific risk factor remains a positive family history. The most important factor in the course of embryogenesis is an uneventful pregnancy, especially during the first trimester. The so-called environmental factors in this particular time may affect the process that contributes to cleft formation. The group of maternal risk factors include: smoking cigarettes, drinking alcohol and caffeine, using benzodiazepines, corticosteroids, certain antibiotics, antiepileptic drugs, exposure to organic solvents and pesticides, and nutritional factors (particularly vitamin supplementation). Clefts occur more frequently in families with low social status and poor living conditions. Moreover, it appears that the number and course of previous pregnancies and abortions, the age of parents, their occupation, and place of residence may affect the occurrence of the defect.
However, there is currently not enough data about a number of substances to allow us to unambiguously determine their role in the development or prevention of cleft formation. Folic acid administered before conception and during the first trimester is acknowledged as preventing neural tube birth defects. In craniofacial cleft defects, the effectiveness of this supplementation is not so clear. Until recently, folic acid was considered a preventive factor, but more recent meta-analyses that include the results of several prospective studies do not show strong evidence for the protective effect of folic acid alone. However, it is believed that a combination of folic acid with other multivitamin supplements may have such an effect [9] . There are also many doubts related to the effect of vitamin A and other retinoids. Although vitamin A in high doses is recognized as a teratogenic factor, according to an individual study in the Scandinavian countries, vitamin A appears to have a protective effect against CP formation; the effect on CL/P was, however, inconclusive [10] . A more recent study on the Thai population confirmed the existence of a positive correlation between the intake of multivitamins and the reduced risk of cleft defects. The same effect is observed with meals containing liver, while the intake of menstrual cycle regulators by the mother was associated with an increased risk of offspring born with birth defects [11] . According to some studies, the occurrence of diseases like cold and fever in early pregnancy may also contribute to the formation of cleft anomaly [12] .
Complex Congenital Malformations with Cleft Defect
Cleft defect is associated with over 500 different complex genetic disorders such as Van Van der Woude syndrome is one of the most common complex defects involving a cleft defect. It occurs with a frequency of 1 : 35000-1 : 100000 and constitutes about 2% of all cleft defects. It was first described by Demarquay in 1845; the first extensive study of the syndrome was conducted by Anne Van der Woude in 1954, after whom this complex group of disorders was named [13] . Its characteristic features include salivary fistulas on both sides located medially, mostly within the lower lip with coexisting cleft lip with/without cleft palate (Fig. 1) . The salivary fistulas occur and vary in severity from isolated cavities and sinuses to deep channels connected with secreting salivary glands. Fistulas often penetrate into the orbicularis oris muscle with salivary tanks located under the mucosa of the mouth. Other commonly related defects include dental agenesis (hypodontia) with loss of the lateral incisors in the maxilla and second premolar of the mandible and max-illa, and short frenulum (ankyloglossia). Sometimes it coexists with heart defects, extra nipples, and Hirschsprung's disease-a type of bowel disorder [14, 15] .
Van der Woude syndrome is autosomal dominant, and about 70% of patients have a mutation of transcription factor IRF6 gene (interferon regulatory factor 6). The family of IRF factors is responsible for the expression of interferon-α and interferon-β during viral infection, but the function of IRF6 is not yet known [16] . The gene encoding IRF6 is located on chromosome 1 at position 1q32-q41 [17] . So far, 300 different variants of the gene encoding IRF6 have been discovered, but some are related to the phenomenon of incomplete gene penetration-there are multiple cases of healthy individuals with a mutation in IRF6 [18] .
According to recent reports, VWS can also be caused by mutations in other genes. Studies on the GRHL3 gene (Grainyhead-like 3) have qualified it as a second gene responsible for a phenotype similar to Van der Woude syndrome [19] . The authors of that study hypothesize that mutations in GRHL3 are more liable to cause an isolated cleft palate than CL/P in individuals with the IRF6 genotype. Further studies will confirm the usefulness of the diagnostics of this and other genes in predicting the probability of VWS.
IRF6 gene variants are also responsible for popliteal pterygium syndrome (PPS, OMIM 119500), which is currently considered an allelic VWS. In addition to its common phenotype (CL/P and cavities in lips), its most characteristic features are skin folds running from the heel to the popliteal area that cause contractures of the lower limbs. Other features include syndactyly, genital anomalies (e.g. cleft scrotum, hypoplasia of labia majora), and the fusion of the eyelids (ankyloblepharon). The prevalence of PPS is 1 : 300000. Research is progressing to identify mutations of other genes (e.g., RIPK4) associated with PPS [20] .
Ectrodactyly, Ectodermal Dysplasia, Cleft Lip and Palate (EEC3, OMIM 604292)
The use of the term "EEC syndrome" with regard to ectrodactyly, ectodermal dysplasia, and cleft lip with/without cleft palate dates from Rüdi-ger's 1970 publication [21] . It describes a complex set of defects consisting of a broad, heterogeneous phenotypic group of disorders. EEC syndrome is very difficult to diagnose, because of the vari- ety of clinical forms that overlap with other clinical syndromes and which differ even within the same family. Ectodermal dysplasia alone, though it makes up only a part of EEC, consists of approximately 150 described anomalous structures derived from the ectoderm (thin skin that lacks sweat glands and is prone to injury, brittle hair and nails, changes in the structure and number of teeth, lacrimal duct anomalies, damage to the cornea, and so on). Cases have been described of blindness in small children suggesting a direct relationship with ectodermal anomalies in EEC [22] . Ectrodactyly is a disorder involving the partial or total absence of fingers or toes. Ectrodactyly is also referred as a "lobster claw" due to the hypoplasia of middle fingers, which often extends to the wrist, resulting in a characteristic hand shape. Cleft defects occur with varying severity, ranging from a cleft uvula, to (more frequently) a complete, wide, unilateral or bilateral cleft lip, alveolus, and palate [23, 24] ( Fig. 2 ). Other less common defects include microcephaly, mental retardation, a total or partial lack of hearing, and alterations in the urogenital system [25] . EEC is a rather rare syndrome, with an estimated incidence of about 1.5 : 1,000,000 live births. To date, about 200 cases have been described [26] . Some patients affected by EEC show a form of "incomplete syndrome," lacking, for example, the ectodermal components [27] .
Depending on the location of the damage to the genetic material, as well as on the phenotype of patients, we can distinguish three types of EEC syndrome. Of these, about 98% are type-3 EEC3, which is autosomal dominant and relates to the TP63 gene located on the long arm of chromosome 3 (3q28). TP63 encodes a p63-transcription factor that belongs to the p53family. To date, more than 40 distinct TP63 mutations are associated with the disorder; most are missense mutations that cause amino acid replacement in the final protein [28] .
A recent case report on a Japanese girl suggested that there are other genes responsible for the occurrence of similar phenotypic manifestations [29] . In addition to the defects described in EEC, there were depressions of the lower lip characteristic of VWS and PPS. Bilateral cleft lip, alveolus, and palate were all present-a malformation common to all three syndromes. No mutations were found in studies of the TP63 gene. After a thorough analysis, the R8 4C mutation has been identified in the IRF6 gene, as described previously for PPS. From this, it can be concluded that the phenotypic effects of IRF6 mutations can also mimic EEC syndrome. 
Pierre Robin Sequence
Pierre Robin sequence (PRS, OMIM 261800) is a condition named after the Parisian dentist who, in 1923, described the characteristic triad of deformations: The underdevelopment of the lower jaw (micrognathia), retraction of the tongue (glossoptosis), and cleft palate (Fig. 3) . The prevalence of PRS is 1 : 8500-1 : 20000 [30] . Impaired construction of the oral cavity and throat is responsible for difficulties in breathing, feeding, and diction. PRS is referred to as a sequence on account of its pathological mechanism in the form of a chain of developmental malformations: the occurrence of one disorder entails the next defect. It is generally accepted that the first defect involves the underdevelopment of the lower jaw, which interferes with the normal development of the tongue and leads to its abnormally high setting in the back of the throat. In this position, the tongue "pushes" the palatal plates and prevents their integration, resulting in a cleft palate. There are also alternative theories about the formation of PRS: one of them assumes that the primary disorder is abnormal muscle tone coupled with a deficiency of mobility of the tongue and throat, which causes the lack of a swallowing reflex -an essential element that stimulates the development of mandible length. In this case, micrognathia and cleft palate are considered the secondary defects [31] . The sequence may be an independent disorder, or may be part of other complex defects, such as fetal alcohol syndrome (FAS) or Stickler syndrome. To date, several locations have been described in the human genome where a mutation can lead to PRS. Most research has focused on the region of SOX9 gene [32] . The full name of SOX9 gene is SRY (sex determining region Y)-box 9. It is located on the long arm of chromosome 17 located at position 23 (17q23) and is responsible for the production of a protein crucial for the normal embryonic development. The SOX9 protein is a transcription factor, which, by binding to specific DNA regions, activates other genes responsible primarily for the formation of bone and the reproductive system; it also regulates the remodeling of collagen in bone. It is remarkable that the SOX9 protein directly activates COL2A1 and COL11A2, i.e. proteins linked with the onset of Stickler syndrome [33] .
Another gene that can confirm the unique role of the long arm of chromosome 17 in the development of PRS is KCNJ2. It is located very close to SOX9 and encodes a potassium canal structure. According to researchers [34] , damage to KCJN2 can lead to changes in the expression of the nearby SOX9 and may contribute to a fetus developing PRS. In another study, researchers proposed a relationship between SOX9 and the SATB2 gene [35] . Animal model studies suggest that the two genes work together through cis-regulation in order to coordinate the expanding growth of the mandible.
In addition, according to the recent report, the inactivation of two other genes, Ptprs and Ptprf from the leukocyte antigen-related (LAR) gene family coding receptor protein tyrosine phosphatases (RPTPs) can lead to the syndrome resembling the defects of the Pierre Robin sequence [36] . Studies of genetically modified mouse embryos have shown that Ptprs and Ptprf are necessary for the morphogenesis of the mandible. Further research on the human genome should help confirm the relationship between LAR genes and PRS. with threatening retinal detachment [37] . Since then, a few such disorders have been described and are collectively known as Stickler syndrome (STL). It has been demonstrated that the common origin for the formation and development of these heterogeneous diseases is determined by collagen abnormalities (particularly in collagen types II, IX and XI), which is present in most body tissues. The incidence rate of STL is estimated to be 1:7500-9000 [38] . Most types of STL involve specific disorders of the eyeball (vitreous abnormalities; congenital myopia, possibly coexisting with cataracts; and retinal damage leading to detachment). In addition to ocular disorders, STL may also involve cleft palate defects with varying degrees of severity (from cleft uvula, through submucosal cleft palate, to phenotypic variants of PRS), changes in craniofacial structure (flat face, collapsed nasal bridge), changes in joints and bones (spine anomalies, scoliosis, kyphosis, chronic joint pain, joint hypermobility that recedes with age), and progressive hearing loss (on the basis of recurrent otitis media and damage to the structures of the middle and inner ear, sensorineural hearing loss) [39] .
About 75% of STL is type I (STL1). This is autosomal dominant and associated with abnormalities in type II collagen structure. Type II collagen is the main constituent of the vitreous of the eye, of cartilage, and of nucleus pulposus. Due to the characteristic image of the intraocular structures in a slit lamp, STL1 is often called the vitreous membranous type. Patients with STL1 often have also other defects, such as myopia, cleft palate, flat face, mild conductive hearing disorder, and degenerative changes in the joints occurring early (in the third or fourth decade of life). Patients with STL1 have the highest risk of retinal detachment and blindness of all types, up to 70% [40] . The most common loss of function mutation occurs in the COL2A1 gene, located on the long arm of chromosome 12 (12q13.11) [41] . So far, about 90 different mutations of COL2A1 are known to lead to the formation of Stickler syndrome [42] .
In autosomal dominant syndrome type II (STL2), mutation occurs in the gene encoding the α1 chain of collagen XI in the COL11A1 gene, which is located on the short arm of chromosome 1 (1p21.1). In contrast to STL1, individuals with STL2 show profound hearing loss, and some have normal vitreous; others have a beaded vitreous architecture characteristic of STL2. The risk of retinal damage is less than in type I, but is still around 40-50% [43] . In addition to the standard methods of identifying changes in DNA by RT-PCR, a unique method of identifying mutations in the COL11A1 gene using multiplex ligation-dependent probe amplification (MLPA) has recently been developed [44] . In a study employing this method, six new and previously unknown deletions in the 1p21 region were found. These might have been overlooked in the standard method of exon sequencing. This method may help us find new mutations in other types of STL.
Stickler syndrome type III (STL3), known as non-ocular Stickler syndrome, is caused by deletions of the COL11A2 gene that encodes the α2 chain of collagen type XI. COL11A2 is located on chromosome 6 (6p21.3). The α2 chain is not present in the structure of the vitreous, hence the absence of ocular alterations in STL3. The changes that have been described in the membrane covering the organ of Corti in two families with STL3 are probably related to the high expression of this type of collagen in that area. This results in nonprogressive congenital hearing loss to a small or moderate extent, often accompanied by cleft palate and arthropathy [45] .
It was for a long time believed that STL mutations were only autosomal dominant. In 2006, a case of a Moroccan family was described in which there were symptoms suggestive of STL, but there were no known mutations in collagen II or XI [46] . The family members suffered from the following disorders: short stature (between the 10 th and 25 th percentile), knee valgus, flat face, amblyopia, myopia with astigmatism, vitreous syneresis (shrinkage as a result of the progressive transformation of the gel to liquid), jaw underdevelopment, flattened metacarpal heads, sensorineural impaired hearing. None of the patients, however, had a cleft defect. After a thorough genetic analysis, a new set of genetic mutations were found to be associated with autosomal recessive disorder of the α1 chain structure of collagen type IX. The COL9A1 gene responsible for STL4 was found on the long arm of chromosome 6 (at 6q13). Further mutations in the COL9A1 gene have been described in 2011, in two Turkish sisters and one Moroccan male [47] . In the same year, the case of an Indian family with autosomal recessive mutation in the COL9A2 gene on chromosome 1 (1p33-32) was described with a phenotype similar to that of STL4, also lacking a cleft. The mutation was classified as Stickler syndrome type V. The most recent discovery in the context of STL was described in January 2014 as another variant associated with autosomal recessive inheritance [48] . These alterations were discovered in three Moroccan siblings. All the children suffered from massive myopia, partial hearing loss, hypoplasia of the midface, abnormal internal rotation of the tibia, flat feet, and down-slanting palpebral fissures. These patients also presented no cleft defects. This type of STL is associated with the mutation of the gene encoding collagen IX; the mutation refers to the gene COL9A3 that encodes the α3 collagen chain and is located on the long arm of chromosome 20 (20q13). There are also known STL variants that include only the ocular structures and present no changes in other organs. These varieties are collectively referred to as atypical STL [49] . Further observations and genetic research is expected to reveal new varieties of this syndrome, which is very diverse in phenotype and genotype.
Treacher Collins Syndrome (TCS1, OMIM 154500; TCS2, OMIM 613717; TCS3, OMIM 248390)
This syndrome of defects which take the form of mandibulofacial dysostosis was first mentioned by George Andreas Berry in 1889, and was well described in 1900 by the English ophthalmologist Edward Treacher Collins, after whom it is now named [50] . In German-speaking countries, TCS is also called Treacher Collins-Franceschetti syndrome or Franceschetti-Klein syndrome, after the Swiss researchers who systematized the available knowledge of TCS in 1949 and classified it as a dysostosis [51] . TCS also belongs to the Tessier classification of rare facial clefts as cleft number 6-7-8 [52] . The syndrome occurs with a frequency of 1 : 50000, and is connected to the development of the structures derived from the first and second pharyngeal arches [53] . Deformations occur on both sides, but bilateral facial symmetry is not present. The basic features of TCS include changes around the eye sockets, ears, zygomatic bone, maxilla, and mandible. Patients with TCS usually have down-slanting palpebral fissures with weakened orbicularis oculi muscles and a characteristic lack of eyelashes in the central third of the lower eyelid [54] . An important element of the syndrome is a variously expressed coloboma -a cleft of the eyelid and eye structures. In some patients, there are tear ducts and lacrimal puncta atresia. The majority of patients have distortion of hearing to varying degrees caused by many anatomical defects, from bilateral hypoplasia and aplasia of the pinna (microtia and anotia), through stenosis and atresia of the external auditory canal, tympanic membrane deformation, and abnormal ossification of the ear ossicles, to completely undeveloped middle-ear structures. For this reason, such patients have partial or total deafness, despite possessing well-developed inner ear structures. A constant element of TCS is hypoplasia of the zygomatic and temporal bones with occasional ankylosis of the temporomandibular joint, micrognathia with retrognathia, a large and protruding nose, which gives the patients a characteristic "bird-like" facial appearance (Fig. 4) . In about 30% of cases, there is submucosal, partial, or complete cleft palate with cleft lip. Occasionally, it coexists with choanal atresia, aplasia of the parotid gland, defects of the cervical spine, kidneys, cryptorchidism, and heart defects [55] .
TCS is phenotypically very diverse, even within the same genomic disorder. There are three types of Treacher Collins syndrome, depending on the genetic background. More than 90% of TCS is TCS1, caused by an autosomal dominant mutation of the TCOF1 gene (Treacher Collins-Franceschetti syndrome 1), are located on the long arm of chromosome 5 (5q32) [56] . About 60% are de novo mutations, with the remaining 40% mutations inherited from parents. To date, more than 120 TCOF1 gene mutations leading to TCS have been described, with further disturbances revealed in recent years [57] . These are mostly mutations connected with the loss of function. The product of the TCOF1 gene is treacle protein, which is involved in the formation of ribosomes as a regulator of ribosomal DNA gene transcription. According to recent studies, the pathogenesis of TCS is also related to p53: mutation in one allele of the TCOF1 gene induces cellular stress that activates p53, which leads to death and abnormal differentiation of neuroepithelial cells [58] . An animal model of TCS with a TCOF1-equivalent gene has al- [59] . Further use of this model should demonstrate the exact role of TCOF1 in the formation of TCS. The other studies of TCS1 etiology that have been carried out on the human genome have revealed that not only single mutations are responsible for the TCS; it can also occur on the basis of the total rearrangement of the TCOF1 gene [60] .
In some cases, however, no signs of gene mutations are found to be associated with TCOF1, which raises suspicions of the existence of pathologies in other genes that lead to the formation of this syndrome. This was confirmed by the results of studies published in 2011. The mutations in POLR1D and POLR1C genes were described as being phenotypically identical to TCS [61] . Both genes are responsible for encoding the proteins that form the subunits of RNA polymerase I and III. These mutations cause a reduction in the number of ribosomes in neuroepithelial cells, thus confirming the etiology of TCS as a ribosomopathy. The POLR1D gene is located on the long arm of chromosome 13 (13q12) and is associated with the autosomal dominant type-2 syndrome, TCS2. The same report describes an entirely new type of inheritance previously unknown for TCS. Three patients had mutations in both POLR1C alleles located on the short arm of chromosome 6 (6p21), operatively associated with POLR1D. Studies carried out on the carrier parents have confirmed for the first time the autosomal recessive etiology of the disease and, as a result, type-3 Treacher Collins syndrome was isolated (TCS3). In the report from September 2014, autosomal recessive POLR1D gene mutations were also discovered [62] . Future studies on the ribosomal biogenesis pathway should identify additional ribosomopathies phenotypically associated with TCS.
Summary
Complex congenital malformations involving cleft anomalies are clinically a very diverse group. For this reason, they require close cooperation of doctors from almost all specialties. The individual syndromes have different incidences and most of them also have their own allelic variants, with the characteristic severity of the anomaly differing even across close relatives. Although several thousand different mutations responsible for the syndromes have been discovered so far, there are many phenotypic cases of unknown genetic cause. Easier access to genetic counseling and lower costs of DNA testing have led to new findings regarding the causes of the syndromes. This trend will certainly continue in the coming years, which will allow for more accurate diagnosis and early treatment of children suffering from these diseases.
